
Drought Monitoring Tools for Arizona 

Rangelands

Mike Crimmins

Professor & Extension Specialist 

Dept. of Soil, Water, & Environmental Science

The University of Arizona



Brief Project Overviews

• Tools and strategies for ranch-scale 

drought detection

• Developing a drought monitoring 

playbook for Arizona rangelands
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Developing tools and strategies for ranch-

scale drought detection
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Precipitation monitoring is key 

management tool

“What type of information 

would help drought 

planning and 

management? Rain 

gauges. Some ranchers 

have them but don’t read 

them.  Some have only a 

home.  Would like to see 

a couple per pasture”

- USFS Rangeland 

Mgmt Specialist

Typical range rain gauge



A rain gauge in every pasture and allotment

• Precipitation observations 

can mitigate land 

management conflicts -

need to be trusted by both 

parties

• Precipitation data used in 

evaluating rangeland 

conditions relative to grazing 

operations

• UofA Extension has been 

working to develop best 

practices in constructing, 

placing and reading gauges 

and managing/utilizing 

observations

PVC depth gauge at range monitoring site near Clifton, AZ



Precipitation Monitoring Working Group 
(Gila County Cattlegrowers, USFS, AZ Game/Fish, 

BLM)
Workshop 1 (June 2016)

• Learn about rain gauge 

monitoring strategies, provide 

feedback, and help guide the 

scoping of online tools

• Receive several rain gauges to 

install and monitor over the 

2016 monsoon season. 
Workshop 2 (Nov 2016) 

• Review rainfall observations, 

test new online tools, and 

share lessons learned

• Co-develop training materials, 

best practices and finalize 

online tools to share with other 

ranchers and land managers.

Workshop 3 (June 2017)

• Open training workshop using 

materials and best practices 

developed

• Encourage others to establish 

new rain gauges and use the 

new software to archive and 

analyze the newly collected 

rainfall data.

Project supported by:

http://westrme.wsu.edu/
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What are “best practices” in 

range precip monitoring?
• More is better, but need to tie 

to range monitoring and 

decision making – Where?

• More frequent reading of 

gauges will yield important 

information on ‘tank’ vs. ‘grass’ 

rains – When?

• What is ‘normal’ for a rain 

gauge without a long-term 

record? – What does it 

mean?



Developing a precipitation monitoring 

plan

More frequent observations
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precip
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Where is the ‘sweet spot’ that 

balances effort (cost of 

monitoring) with reward 

(beneficial information to 

support decisions)? 

Sweet spot?
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Simple rain gauges for range 

monitoring

Can we design a better rain gauge 

for remote, range monitoring?: ‘Cow 

proof’, easy to read and maintain, 

inexpensive, rugged and long-

lasting…







Accumulation 

Precipitation 

Gauge



Supporting tools and resources

https://uaclimateextension.shinyapps.io/precipChart/

Precipitation 

Logbook Generator
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July 20th – (1) Anticipating 

timing of green up in 

pasture: Past experience 

suggests that if first rains 

haven’t occurred yet, 

expect delay of two weeks 

before moving into this 

pasture

Aug 23rd – (2) ‘Near peak’ 

forage production at mid-

point of season: Checking 

precipitation levels and 

forage conditions at this 

point will help support 

needed course corrections 

to rotation schedule and 

help anticipate how the rest 

of the season will turn out –

How long can I stay in 

current pasture? Where 

can I go if I need to?

Sep 30th – (3) Seasonal 

wrap up monitoring: A 

final check of precipitation 

amounts and site conditions 

including forage and water 

will provide insight into how 

much conditions changed 

from the middle of the 

season to now and how 

much carryover forage 

there will be to utilize 

beyond the growing season

Where?: Key allotments or 

pastures

When?: Tie observations to 

decision timing

What?: Precipitation 

climatology provides context



Supporting tools 

and resources



Working to continue to expand monitoring 

through hands-on workshops…

Rain Gauge Workshop – Clifton, AZ Dec 2018



https://extension.arizona.edu/sites/extension.arizona.edu/files/pubs/az1747-2017_0.pdf

Rain Gauge Construction Guide

(UA Extension Bulletin)



https://extension.arizona.edu/sites/extension.arizona.edu/files/pubs/az1751-2017.pdf

Precip Monitoring Best Practices Guide (UA 

Extension Bulletin)



https://cals.arizona.edu/droughtandgrazing/

Upcoming training workshops

- Willcox: April 16th

- Show Low: August 14th

- Flagstaff: TBD

- Kingman: TBD



Developing a drought monitoring 

playbook for Arizona rangelands

Project Team: Trevor McKellar (SWES), Marcel 

Schaap (SWES), Craig Rasmussen (SWES),  

Dan Ferguson (UA Inst. for the Environment), 

Mike Crimmins (SWES)

Funded by NOAA Climate Program Office

Sectoral Applications Research Program & RISA



“How do these indices work?”

“Which one works best for rangelands?”

“Should I use a different one for different 

times of the year and different locations?”

“Which one should I use?”



Soil Moisture vs. Drought Indices 

• Soil moisture status is a good indicator of potential 

drought stress to vegetation, ecosystems…direct 

link between soil moisture and drought impacts

• Soil moisture monitoring is limited…hard to do, 

expensive, very few stations

• Can we quantify and leverage any relationships 

between ‘soil moisture memory’ and windowed 

drought indices? 

Use modeled soil moisture as an objective measure 

against which to evaluate simple, readily available 

indices like SPI, SPEI, PDSI…



HYDRUS-1D
– Numerical soil moisture model that solves the Richards equation for 

water transport

• Only evaporation/transpiration (Hargreaves or Penman-

Monteith estimation) and gravity impact water movement

• Daily temperature and precipitation data

– 1950-2015 with 10 year spin up

Twarakavi et al. 2007

• 500 cm loam 

(extending to sandy 

loam and clay)

• 4 study sites 

(extending to 

gridded data)



Tucson-AZ
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Calendar 

Month

Shallow (10cm)

Mid (20cm)

Deep (30cm)

Rooting Depth Of 

Vegetation

Drought Index Optimal Timescale 

(mo.)

October SPI

SPEI

2

2

Ecological Site Description Information

Site ID, Name R040XA101AZ, Basalt Hills

Site Type Rangeland

Vegetation Foothill palo verde – saguaro/ white brittlebush –

ocotillo/ bush muhly 

Soil 

Description

Shallow soils formed on basic igneous parent 

material (Basalt) and related conglomerates

Soils information from Ecological Site Descriptions

Drought Monitoring Playbook Prototype

SPI

SPEI

4

6



SPI/SPEI underestimating drought

SPI/SPEI overestimating drought
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Preliminary take home
• Modeled shallow moisture (10cm) correlates highly 

with 2 month SPI (r~0.8)  2 month SPI for shallow 

rooted vegetation impacts? Strength varies by 

month

• Correlations weaker at 30 and 50 cm (r~0.6) but still 

significant with longer timescales, ~6-24 months

• Correlations with SPEI (includes temperature) not 

consistently higher than SPI; ET estimation method 

matters (Hargreaves/P-M/Thornthwaite)

• Working to get Drought Playbook online as 

interactive tool later this year



Thanks!

crimmins@email.arizona.edu

http://cals.arizona.edu/climate



High amounts of spatial 

variability in temp and 

precip, but few weather 

stations in official 

networks

NOAA Coop Observers, CoCoRAHS, SNOTEL, RAWS Stations



Gridded climate data are 

based on station data 

and elevation grids

Sept 2014 Total Precip - PRISM Climate Grid


